INTRODUCTION
The time between birth and first calving represents a period in which replacement heifers are not generating income. Instead this rearing period requires considerable capital expenditures including feed, housing, and veterinary expenses. These expenses constitute 15 to 20% of the total expenses related to milk production (Heinrichs, 1993) . A basic approach to reducing this cost is to reduce the amount of time between the heifer's birth and her first freshening. Age at first calving (AFC) has a significant influence on the total cost of raising dairy replacements with older calving heifers being more expensive to raise than younger (Tozer and Heinrichs, 2001) . Furthermore, reducing AFC can also improve the profitability of the enterprise by increasing lifetime milk production and milk production per year of herd life (Lin et al., 1988) . AFC can be reduced by a combination of increasing prepubertal average daily gain and decreasing age at breeding (Gardner et al., 1988; Van Amburgh et al., 1998; Radcliff et al., 2000) or by reducing age at breeding alone (Lin et al., 1986; Ettema and Santos, 2004) .
Universal recommendations for one particular AFC might be an incorrect management goal for all cattle on all farms, since the recommendation might not represent the management goals and/or capabilities of a particular production system or farm. This, however, does not mean that we should not work towards a younger AFC. We realize that each dairy has it's own set of unique management and environmental conditions that make a universal AFC and BW after first calving a difficult goal to achieve. The purpose of this paper is to address the impact reducing AFC has on milk production, cow stayability, and farm profitability. Target growth will also be introduced and a basis for its use will be provided.
MILK YIELD AS INFLUENCED BY BW AT CALVING, PREPUBERTAL ADG, AFC
The biology involved with the interaction between reduced AFC and first lactation milk yield has been difficult to identify and quantify. This is due to the fact that a reduction in AFC is often associated with increased prepubertal daily gain and/or reduced body weight at calving, both of which have been shown to influence future milk yield.
Body weight at calving is positively correlated to first lactation milk yield (Keown and Everett, 1986, Moore et al., 1991; Van Amburgh et al., 1998) . Both Keown and Everett (1986) and Van Amburgh et al. (1998) suggest that 1,210 lbs is the approximate optimum post calving body weight to maximize first lactation milk yield by US Holsteins. Indeed, Van Amburgh et al., (1998) reported no effects of AFC or prepubertal ADG on first lactation milk yield when the variation in milk yield associated with post caving BW was removed by covariate analysis.
The effect of elevated prepubertal ADG on first lactation milk yield in Holsteins is not as well defined. There exists a wealth of data describing the negative effect that excessive prepubertal energy intake and elevated ADG has on first lactation milk yield in smaller framed Danish breeds (reviewed in Sejrsen and Purup, 1997) . The period during which excessive energy intake is thought to negatively influence first lactation milk yield is between 3 months of age and puberty. Sejrsen and Purup (1997) propose that average daily gain in excess of 0.88, 1.32, and 1.54 lbs for Jerseys, Danish Red, and Danish Friesians, respectively, will impair first lactation milk yield. Using US Holsteins, Radcliff et al. (2000) and Lammers et al. (1999) observed a significant 5 and 13% reduction, respectively, in first lactation milk yield by growing prepubertal heifers at greater than 2.2 lbs/d compared to heifers grown at 1.69 and 1.56 lbs/d, respectively. Radcliff et al., (2000) reduced AFC from 23.6 to 20.7 months while Lammers et al., (1999) AFC averaged 22.8 months without any treatment effect. Contrary to the previous papers, Waldo et al. (1998) observed no significant effect on first lactation milk yield by US Holsteins fed to gain either 2.18 lbs/d or 1.72 lbs/d. Age at first calving in this study averaged 24 months without an effect of prepubertal ADG. These authors (Waldo et al., 1998) proposed that US Holsteins might have a greater mature body weight than the Danish breeds employed by Sejrsen and Purup (1997) whereby making them less sensitive to higher rates of gain. It is well documented that fat deposition in early maturing breeds (i.e. smaller framed) is more responsive to plane of nutrition than larger, late maturing breeds (Fortin et al., 1980; Old and Garrett, 1987) . Therefore, it is plausible that the smaller Danish breeds experience greater whole body adiposity than US Holsteins grown at a similar rate. This difference in conditioning at parturition is likely to have a negative influence on health and lactational performance (Fronk et al., 1980; Boisclair, et al., 1987) in the smaller breeds.
The data on the effect reduced AFC has on first lactation milk yield by US Holsteins is variable. Some have observed no effect (Gardner et al., 1988) while others have observed a negative effect (Lin et al., 1986; Van Amburgh et al., 1998; Radcliff et al., 2000; Ettema and Santos, 2004) . Milk yield in second and greater lactations has consistently been unaffected by reduced AFC (Lin et al., 1986; Gardner et al., 1988 , Van Amburgh et al., 1998 . In fact, Lin et al., (1988) observed greater lifetime production and greater production per year of herd life in heifers that freshened at 23 vs. 26 months of age. The pool of recent literature (Gardner et al., 1988; Lin et al., 1988; Hoffman et al., 1996; Bar-Peled et al., 1997; Van Amburgh et al., 1998; Radcliff et al., 2000; Vicini et al., 2003a Vicini et al., , 2003b Ettema et al., 2004) suggests that a reduction in AFC from an average of 24.7 to 21.9 months results in an approximate 4.8% reduction in first lactation milk yield (Table 1) . In these studies, AFC was reduced by either reducing age at breeding alone or in combination with increasing prepubertal ADG.
HEIFER HEALTH, REPRODUCTION, AND STAYABILITY AS INFLUENCED BY AFC
In addition to milk yield, stayability of cows in a milking herd can have a profound impact on the profitability of the enterprise; therefore, potential effects of reducing AFC must be considered. Gardner et al. (1988) addressed this issue by raising 443 US Holsteins on an elevated or restricted amount of energy from 6 weeks of age to breeding at 748 lbs (supporting 1.96 and 1.74 lbs/d for the elevated and restricted groups, respectively). As a result of the elevated nutrient intake and lower age at first breeding, heifers receiving an elevated amount of energy freshened at 22.4 months compared to 24.6 months for those receiving a restricted amount of energy. Pre-breeding ADG and AFC had no effect on milk yield in the first or subsequent six lactations. Calving difficulty was not different between the two groups. Percent of heifers in the herd at the start of the 1 st , 2 nd , 3 rd , 4 th , 5 th , 6 th , and 7 th lactations averaged 100, 73, 46, 29, 18, 6, and 2%, respectively, with no difference between the two AFC groups. Likewise, after 7 lactations, reasons for cows leaving the herd (including reproductive problems, mastitis, died, low production, reproduction & low production, disease other than mastitis, and crippled) were not affected by prepubertal ADG or AFC.
More recently, Ettema and Santos (2004) evaluated the effects of altering age at breeding to effect a change in AFC. Holstein heifers (n = 1933) on three commercial California dairies were raised similarly from birth through breeding then retrospectively assigned to one of three groups based on AFC. All heifers presumably experienced the same pre-and post-pubertal ADG. Average AFC for the three resulting groups were 22.3 (n = 514), 23.7 (n = 917), and 25.9 months (n = 474) for low, medium, and high AFC, respectively. Total milk yield in the first 310 days in milk was 22,779, 23,461, and 23,665 lbs for low, medium, and high AFC, respectively, with the high and medium AFC groups producing significantly more milk than the low AFC group.
Conception rate at first AI after freshening and number of AI per cow were 27.9% and 3.27, 36.9% and 2.85, and 30.8% and 3.23 for low, medium, and high AFC calving, respectively, with low and high AFC having significantly poorer reproductive performance in both of these categories than medium AFC. Number of days open for pregnant cows was unaffected by AFC and averaged 121.2 across the three groups. However, number of days open for all cows (including those that did not breed back) was 160.9, 148.6, and 154.5 for low, medium and high AFC, respectively. In this case when all cows were considered, cows in the low AFC group spent significantly more days open than cows in the medium AFC group. Despite this, the fraction of cows pregnant at 310 DIM averaged 80.6 and was not different across the groups. The percent of cows experiencing abortion averaged 10.0% and was not influenced by AFC. Difficulty associated with conception in early calving heifers could be attributed to a greater energy demand for growth resulting in less energy available for reproduction when compared to presumably heavier heifers that freshen at an older age.
Calving difficulty has profound negative impacts on the health, reproduction and stayability of first calf heifers (Erb et a., 1985) . Furthermore, heifer size at first calving, but not AFC, is correlated to incidence of dystocia (Thompson et al., 1983) . Supporting these data, Ettema and Santos (2004) observed no effect of AFC on calving difficulty scores. This suggests that their lowest mean BW at calving (1,254 lbs, low AFC group) was adequate to ensure ease of calf delivery. It should be noted that Ettema and Santos (2004) estimated the BW of pregnant heifers using the heart girth measurement with a measuring tape for Holsteins. In agreement with the findings of Erb et al., (1985) , Ettema and Santos (2004) observed that across all AFC treatment groups, cows requiring physical assistance with calving experienced significantly higher mortality (4.9%) than those not experiencing dystocia (2.7%). Given these facts and the fact that calving difficulty is most frequently associated with inadequate BW at calving, it becomes clearly apparent that BW at calving can have a profound impact on the long term heath and stayability of cows.
Neither the incidence of health problems, culling, or mortality was influenced by AFC in the study by Ettema and Santos (2004) . Health problems (and average incidence across the three AFC groups) included retained placental membrane (3.3%), left displaced abomasum (2.9%), lameness (15.0%), and incidence of mastitis (19.4%). AFC did not affect the incidence of these health problems. Likewise, AFC had no affect on the fraction of heifers culled after calving (17.6%) or mortality (3.9%). The authors, did, however, observe a tendency for the low AFC heifers to die earlier in lactation than the high AFC cows (20.3 vs. 77.7 d). However, the fraction of heifers that died or were sold before 310 DIM averaged 21.7% and was similar across all three AFC groups. Additionally, the interval from calving to date leaving the herd averaged 255 d and was not affected by AFC.
In agreement with the data of Thompson et al. (1983) , Gardner et al. (1988) , and Ettema and Santos (2004) , Simerl et al. (1992) observed no affect of AFC on first calf heifer survival to second lactation for 1,144 Florida Holstein heifers. Taken together, these data strongly suggest that heifers freshening at ~22 months and with adequate post calving BW have similar stayability in the herd as those freshening at an older age. Furthermore, the negative effect of freshening heifers under weight is quite profound and cannot be ignored.
ECONOMICS OF INCREASED PREPUBERTAL ADG AND REDUCED AFC
The economics associated with reducing AFC has been the topic of much debate. Under the auspices that elevated prepubertal ADG negatively influences first lactation milk yield, St-Pierre (2002) analyzed data from three studies (Van Amburgh et al., 1998; Lammers et al., 1999; and Radcliff et al., 2000) to determine the economically optimal prepubertal ADG for US Holsteins. To assess the financial impact of freshening heifers at a younger age, St-Pierre considered the net present value or time value of money ("a dollar five years from now is not worth the same as a dollar today"). This assigns economic benefit to heifers generating income earlier by initiating lactation at a younger age. Using this analysis, St-Pierre estimated the economic optimum prepubertal ADG and AFC to be between 1.98 and 2.42 lbs/d and 22.4 and 20.6 months, respectively. Ettema and Santos (2004) conducted an economic analysis of the AFC study that was discussed above. As mentioned, average AFC (and 310 d milk yield, lbs) for the three resulting groups were 22.3 (22,779), 23.7 (23,461), and 25.9 months (23,665 lbs) for low, medium, and high AFC, respectively. Rearing costs for the medium and high AFC groups were $40.34 and $107.89, respectively, more than that of the low AFC group. Income for each AFC group was adjusted for the cost of rearing, estimated feed to increase milk yield, stillbirths, diseases, days open, culling, mortality, labor cost, and the value of milk and calf produced as well as the value of a cow at the end of the 310 day study. Adjusted income was $119.73 and $9.08 more for the medium and high AFC, respectively, than for the low AFC. These values were not significantly different, implying no single AFC had an economic advantage over another. However, these authors (Ettema and Santos, 2004) did not consider the net present value of money in their analysis as St-Pierre (2002) did. If this had been considered, it would presumably shift the economic advantage to the low AFC heifers.
A WITHIN HERD ANALYSIS: EFFECTS OF AFC ON MILK PRODUCTION AND STAYABILITY
Recently, we evaluated the within herd effect of varying AFC on lifetime milk production, stayability, and number of lifetime productive days. Lactation records from 2,519,232 first lactation cows from 937 herds in California and the Northeast were analyzed using the test-day model (TDM) (Kachman and Everett, 1989) . The lactations occurred between January 1985 and December 2002. The TDM was employed for this analysis because it describes and accounts for factors that influence lactation performance such as calving year, season, management, and environment. Test day residuals include the random genetic cow effects and treatment effects (AFC in this case). These residuals are simultaneously adjusted for herd test day, days in milk, calendar month fresh, pregnancy, and management effects. Test-day analysis is considered a more appropriate approach to this type of data analysis because it assumes that global conditions are inappropriate for evaluating management (i.e. AFC) among different herds.
Average AFC for each year was calculated for each of the 973 herds. Within a herd, heifers were then retrospectively assigned to one of five treatment groups that fit around the herd mean AFC. The AFC treatment groups consisted of 1) less than -63 days from the herd by year average AFC, 2) -22 to -63 days from the herd by year average AFC, 3) -21 to 21 days from the herd by year average AFC, 4) 22 to 63 days from the herd by year average AFC, and 5) greater than 63 days from the herd-year average AFC. Actual AFC across all herds for the five groups were 23.3, 24.3, 25.6, 27.2, and 30.3 months, respectively.
Once assigned to an AFC group, cows were assigned to one or more opportunity groups defined as 3, 4, 5, 6, 7 or 8 years of age. Heifers were assigned to opportunity groups if they had the opportunity to be the age of the group. For example, a cow that has had the opportunity to be 5 years old at the time of test would be assigned to the 3, 4 and 5 year opportunity groups, but not to the 6, 7, or 8 year group. The sum of her 5 year total milk production and the sum of her 5 year total productive days (defined as the number of days lactating) would be averaged with all other cows in the 5 year opportunity group. Likewise, the sum of her 4 year total production and the sum of her 4 year total milk production would be averaged with all other cows in the 4 year opportunity group, and so forth. By the definition of an opportunity group, her data would be included in the 5 year opportunity group even if she had died at 4 years of age. The use of opportunity groups in this analysis permits the evaluation of total milk produced and total productive days at a given age across treatment groups (i.e. AFC) while simultaneously discounting the treatment groups for any treatment associated differences in early death loss.
The total number of cows in each of the five AFC treatment groups and the number assigned to their appropriate opportunity groups is given in Table 2 . As mentioned above, the average AFC for the five treatment groups were 23.3, 24.3, 25.6, 27.2, and 30.3 months. These treatment groups will be referred to by their average AFC from this point on. The differences in AFC within each farm and year are assumed to have arisen from a combination of differences in prepubertal ADG and age at first breeding or by differences in age at first breeding alone.
Perhaps the most obvious benefit of reducing AFC is its effect on the number of productive days in a cow's lifetime. Total productive days of cows in each AFC treatment group are given in Table 3 . As discussed above, by freshening heifers at a younger age, they enter the productive phase of their life sooner. Heifers with a lower AFC have an advantage over those freshening at an older age throughout all 6 opportunity groups. Within a given AFC treatment group, the number of productive days increases rapidly in the first three opportunity groups and then its rate of increase slows as you approach the 8 year opportunity group. This occurs because going from the 7 to the 8 year opportunity group, for example, likely only adds a few cows that have actually survived this long. Their number of productive days (presumably quite high) is averaged with all other cows in that AFC group which is likely heavily weighted with animals that died at a younger age and therefore had fewer productive days. This causes the increase in number of productive days to slow in the older opportunity groups. This can be observed happening across all 5 AFC treatment groups.
Effect of AFC on number of productive days for the 5 AFC treatment groups is more clearly illustrated in Figure 1 where the data are represented as the difference from the 25.6 month AFC treatment group. Again, it is apparent that heifers in the 23.3 month AFC treatment group have the obvious advantage over all other AFC groups. This is despite the fact that the average number of productive days decreases from a high of 59 days above the 25.6 month AFC group at the 3 year opportunity group to approximately 35 days from the 5 through the 8 year opportunity groups.
The most effective way to evaluate the benefit of reducing AFC and increasing the number of productive days in a cow's lifetime is to consider her lifetime milk production. Lifetime milk production for each of the five AFC treatment groups at the six opportunity groups is given in Table  4 . For heifers in the 3 year opportunity group, those that freshened at 23.3 months produced nearly twice the amount of milk as those that freshened at 30.3 months. This trend for increased lifetime milk production continues even to the 8 year opportunity group. As was observed with the total number of productive days, within a given AFC treatment group the total milk production at each opportunity group increases rapidly from the 3 through 5 year opportunity groups then slows as you progress through to the 8 year opportunity group. This occurs for the same reason total number of productive days increases at a rapid then slower rate, as described above.
The differences across the five AFC treatment groups in lifetime milk yield are more visually apparent in Figure 2 . Lifetime milk production in this figure is presented as the difference from the 25.6 AFC group, which represent the herds' average AFC. Heifers calving in the 23.3 month AFC group produced more milk in their lifetime than all other AFC groups through the 5 year opportunity group with the greatest difference being at the 3 and 4 year opportunity groups. In the 3 year opportunity group, few heifers in the 30.3 month AFC group have freshened and those that have are likely only in the early stages of their first lactation. Even though the increase in milk yield for the 23.3 and 24.3 month AFC treatment groups becomes similar by 6 years, the production and economic advantage lies with the 23.3 AFC group due to the fact that they produce more milk sooner. This allows the producer to capitalize on the time value of money concept discussed previously. In agreement with data for Lin et al., (1988) , this increase in lifetime milk production clearly illustrates the advantage of freshening at a younger age.
At first glance, average stayability (percent survival) for the five AFC treatment groups (Table 5) seems to weight heavily against calving at lower AFC. Others (Thompson et al., 1983; Simerl et al., 1992; Gardner et al., 1998; and Ettema and Santos, 2004) have reported that stayability is not influenced by AFC. While our data may appear to reach a different conclusion, it is important to understand that we have calculated stayability using a different time reference than these other authors. Both Ettema and Santos (2004) and Gardner et al., (1988) calculated stayability after the conclusion of the first lactations. Therefore, heifers from both high and low AFC groups were "exposed" to the same length of lactation and all have an equal amount of production data upon which culling decisions were made. In our case, we compared stayability at a common age so, for example, in the three year opportunity group, heifers in the 23.3 AFC treatment group have been milking an average of 354.8 days where as those in the 30.3 AFC treatment group have been milking an average of 165.7 days (Table 3) . Therefore, younger calving heifers have more than twice the amount of production data with which culling decisions could be made and they have a decidedly greater opportunity to be culled. Perhaps most importantly, the differences in stayability between heifers in the 23.3, 24.3, and 25.6 AFC treatment groups are quite similar, even at the lowest age opportunity groups. The differences between how we compare stayability across AFC treatments and how Gardner et al. (1988) and Ettema and Santos (2004) made their comparisons is important to understand.
SUMMARY OF WITHIN HERD ANALYSIS OF AFC
Taken together, these data support management decisions that result in working towards a lower AFC. The increase in lifetime milk production that results from calving at 23.3 months compared to 25.6, 27.2, or 30.3 months is substantial and difficult to ignore. While the lowest average AFC in this data set was 23.3 months, it appears safe to conclude that further increases in number of productive days and lifetime milk production would occur if average AFC was further reduced to 22 months. This conclusion is based upon the stayability data of Tompson et al. (1983) , Simerl et al. (1992) , Gardner et al. (1988) , and Ettema and Santos (2004) and the lifetime production data of Lin et al. (1988) .
A SYSTEMATIC APPROACH TO MANAGING HEIFERS: TARGET GROWTH
The target growth system (Fox et al., 1999; Van Amburgh, 2004) was first modified for dairy heifers and further modified and adapted by the NRC (2001) to establish a systematic approach to heifer management. The objective of a farm manager should be to determine at what age/weight relationship do cattle generate the highest marginal profit and then manage to that target. Data presented above suggest that the optimal age and BW after first calving is around 22 months and 1,210 lbs. However, variability in mature body size was not considered in these suggestions. The biologically and economically ideal BW and age at calving is expected to vary with BW at maturity. Therefore, knowing a herd's mature BW is required for successful application of this system. At its core, the target growth program is a straightforward approach to determining, managing, and attaining these age and BW targets.
The NRC (2001) has recommended that BW at first conception and after first calving should be 55 and 82% of mature body weight, respectively. If the mature BW of the typical high merit US Holstein is assumed to be 1,474 lbs, this would set the target BW at conception and after calving at 807 and 1,210 lbs, respectively. The third set of targets consists of preweaning ADG and weaning age. Naturally, lower target AFC requires higher rates of gain in order to achieve target weights at conception and after calving. However, with an efficient breeding program, AFC can be effectively lowered without requiring excessive prepubertal rates of gain. An additional approach to control rates of gain between 3 months of age and puberty is to feed for elevated preweaning rates when body growth is most efficient.
Two examples of target growth solutions are shown in Figures 3 and 4 . Both examples illustrate the target weights, ages, and rates of gain for heifers freshening at 22 months and 1,210 lbs after calving. All assumptions are the same between the two examples with the exception of the preweaning program. Figure 3 assumes that a traditional preweaning program is employed, which supports an ADG of 1.0 lbs/d during the milk fed phase. Figure 4 assumes an intensified preweaning program, which supports a preweaning ADG of 2.0 lbs/d. Use of an intensified preweaning program yields approximately 56 lbs of additional growth after 8 weeks on milk relative to a traditional calf program. This advantage in BW at weaning permits a lower ADG from weaning to conception (2.0 vs. 1.8 lbs/d) while still meeting the target age and BW at conception. This particular intensified preweaning program is, however, more costly than a traditional program simply because more milk (or milk replacer) is required to achieve the additional weight gain. If a high quality all-milk milk replacer is used, a heifer on this intensified program would require approximately 57 lbs more powder to achieve the additional 56 lbs of BW at weaning. Starter would also be consumed starting around 3 weeks of age to support this additional BW at weaning.
CONCLUSIONS
The primary advantages of reducing AFC include reducing rearing costs as well as reducing the amount of time in which the heifer is only a capital drain on farm resources. The primary disadvantage of reducing AFC is that it is frequently associated with a reduction in first lactation milk yield. Despite this reduction in first lactation milk yield, production per year of herd life is typically increased by reduced AFC. Furthermore, while the first lactation may be influenced by AFC, future lactations are decidedly not. Additionally, stayability and health of cows is not influenced by reduced AFC as long as first calf heifers freshen at an adequate weight.
Most analysis indicates that the financial advantage afforded to heifers that freshen at a low AFC appears to at the least offset any milk lost in the first lactation. Furthermore, when the time value of money is considered in this analysis, a reduced AFC (~22 months) appears to likely represent the more fiscally sound management decision. When applying these ideas on the farm, a properly managed feeding and breeding program should permit a first calf heifer to weight ~1,210 lbs after freshening at 22 months of age. The NRC (2001) recommends a post weaning BW equal to 82% of her mature body weight. This can be achieved with a maximal prepubertal ADG of 2.0 lbs/d if a traditional preweaning program is employed or 1.8 lbs/d if an intensified preweaning program is employed. Due to the well defined link between inadequate BW at calving and increased mortality and morbidity in first calf heifers, achieving this target post calving BW is of critical importance. Within study, means with uncommon superscripts differ at P < 0.10. Table 2 . Number of cows utilized in the analysis of 5 AFC treatment groups and 6 age opportunity groups. 1 . Average number of productive days for 5 AFC treatment groups and 6 age opportunity groups, difference from mean AFC treatment group (25.6 months). 2 . Average total milk production for 5 AFC treatment groups and 6 age opportunity groups, difference from mean AFC treatment group (25.6 months). Figure 3 . Required rates of gain from birth to freshening to meet target BW and age at conception and first calving when a standard preweaning program is employed. Figure 4 . Required rates of gain from birth to freshening to meet target BW and age at conception and first calving when an intensified preweaning program is employed.
